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(S) Improvements in or relating to susceptors suitable for use in chemical vapour deposition devices. 

(57) In CVD processes susceptors can be made of 
a thermally conductive ceramic such as alumi- 
num nitride which has superior durability with 
respect to fluorine plasma. Such aluminum nit- 
ride susceptors (39) can include an embedded 
heater element (43) and/or embedded ground or 
RF electrodes (41) which as a result of their 
embedment are protected from the deleterious 
effects of the processing chamber environment. 
The conductors (87 ; 89, 91 ; 93) leading to 
these elements are protected from exposure to 
the process chamber environment by passing 
through a cylindrical member (25) filled with 
inert gas supporting the wafer support plate 
(39) of said susceptor. Alternatively, the con- 
ductors leading to these elements can be run 
through passages in a hermetically sealed stem 
(120) supporting the susceptor wafer support 
plate (100). The stem passes through the wall of 



the susceptor wafer support plate can be made 
outside the processing chamber. Such a stem 
supporting the suspector support plate can also 
provide passages (144, 146) for passing vacuum 
and purge gas to the back of the wafer support 
plate. Vacuum and purge gas can then be distri- 
buted through passages (150, 151) in the wafer 
support plate as appropriate to its top surface 
for a vacuum chuck and perimeter purge gas 
flow. 
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This invention relates to susceptors for use in 
CVD (Chemical Vapor Deposition) devices and in par- 
ticular to those devices which execute plasma reac- 
tions within a reaction chamber. 

This application is related to U.S. Application Ser- 
ial No. 08/146.370 filed October 29, 1993. 

Tofunction properly, heat-resistant susceptor as- 
semblies used in CVD devices must satisfy the follow- 
ing conditions. 

First, the material used for a heat-resistant sus- 
ceptor member must have high heat conductivity, 
must not deform, and must not deteriorate at high tem- 
peratures. Because in-situ chamber cleaning by plas- 
ma will be necessary, the material has to have super- 
ior plasma resistance. The susceptor must also func- 
tion as an electrode to support a plasma reaction in 
the processing chamber. Further, it is important that 
the susceptor material have a high purity to prevent 
contamination by impurities. 

Therefore, heat-resistant susceptor assemblies 
are conventionally made of metallic materials with 
good electrical conductivity. In particular, nickel al- 
loys such as Monel, Hastelloy, etc. have convention- 
ally been used to minimize the effects of corrosion 
due to fluorine plasma. For these reasons ceramic 
materials such as SiC and graphite are also widely 
used. 

However, whether a susceptor assembly was 
made of a ceramic material such as SiC, graphite, 
etc., or a metallic material such as Monel, Hastelloy, 
etc., its corrosion resistance to fluorine plasma was 
not always acceptable. Therefore to enhance corro- 
sion resistance the surfaces had to be protected by 
covering them with a protective film. 

Also, resistance heating elements are some- 
times provided inside parts of the susceptor assem- 
bly, e.g. the susceptor plate. The wiring connecting 
such heating elements to an outside power source 
must also be protected from the corrosive effects of 
fluorine plasma. Therefore, it is necessary to use a 
material with superior fluorine plasma resistance for 
the container and the cover protecting such wiring. 

When metallic materials are used, sudden tem- 
perature changes may cause plastic deformation of 
susceptor members and also create problems with a 
protective film. The protective film can begin to peel 
off due to difference in the coefficient of thermal ex- 
pansion between the protective film and the metallic 
materials. 

When ceramic materials, such as SiC, graphite, 
etc., aio uobu, yiaoui^ uo'ui 1 1 laiiui 1 dutis hoi easily oc- 
cur. But when plasma cleaning is frequently per- 
formed, the protective film starts peeling off creating 
a problem. 

Therefore, susceptor assemblies using metallic 
and ceramic materials had problem with durability 
and were therefore unreliable over a long-term. 

Even when using ceramic members with superior 



fluorine plasma resistance, it was not conventionally 
possible to use ceramic members as containers or 
coverings to protect the wiring inside the device from 
fluorine gas. This is due to the fact that it is conven- 

5 tionally difficult to mutually adhere ceramic members 
to prevent the fluorine gas from seeping through 
joints between the ceramic members to the wiring. 

The temperature of the susceptor wafer surface 
plate must be controlled and maintained within proc- 

10 ess limits as much as possible. Members supporting 
a susceptor wafer support plate often conduct ther- 
mal energy away from the wafer support surface cre- 
ating differences in temperature whose variation can 
exceed process limits. 

15 This invention provides a susceptor assembly for 

CVD devices which solves these problems. 

The invention includes a susceptor assembly in- 
stalled inside a CVD reaction chamber. Aluminum 
nitride is used as the material constituting the sus- 

20 ceptor wafer support plate (plate or block), and a high- 
frequency electrode (electrode) and metallic heater 
(heater element) are embedded in the susceptor wa- 
fer support plate. 

Aluminum nitride, which wasfound to have super- 

25 ior fluorine plasma resistance, is used as the material 
for the susceptor wafer support plate. As a resultthere 
is negligible generation of dust by, or, corrosion of the 
susceptor plate. An aluminum nitride susceptor plate 
can be used at high temperatures with negligible de- 

30 formation. Also, aluminum nitride has good thermal 
conductivity so that temperature uniformity on the 
susceptor wafer support surface can be made favor- 
able to process conditions. 

The susceptor assembly has a closed bottom cyl- 

35 indrical member (support member) supporting the 
back of the susceptor plate. At least the side wall of 
the cylindrical member is comprised of a ceramic ma- 
terial. An inert gas feeding means provides inert gas 
to the inside of the cylindrical member. The inert feed 

40 gas is provided at a higher pressure than the pressure 
of the gas surrounding the cylindrical member so that 
the gas surrounding the cylindrical member does not 
feed into the cylindrical member. 

Wiring to a high-frequency electrode and a met- 

45 allic resistive heater, both embedded in the susceptor 
wafer support plate, exits the plate from its back sur- 
face. Thermocouple wiring connected to a thermo- 
couple in the back of the susceptor plate also extends 
from the back of the plate. This wiring is routed 

50 through the cylindrical body to the outside. Conse- 
quently, tms wiring as it passes through the cylindrical 
member filled with inert gas is not exposed to the 
process gas surrounding the cylindrical member. 
In another embodiment, an electrical ground con- 

55 ductor (electrode) and a serpentine heater element 
with a guard loop at its perimeter (heater element) is 
embedded in a susceptor wafer support plate which 
has been formed by laminating several layers of alu- 
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minum nitride together using pressure assisted den- 
sification (PAD) techniques. This embodiment pro- 
vides two separate gas passages to the surface of the 
susceptor wafer support plate. One gas passage 
routes gas from vacuum chuck openings on the sur- 5 
face of the susceptor wafer support plate to a vacuum 
source. The other gas passage routes purge gas from 
a gas source to the perimeter of the susceptor wafer 
support plate. A purge ring supported on the perime- 
ter of the plate (but not bonded to it) directs the purge w 
gas flow from the perimeter of the plate in a direction 
up and towards the center of the wafer. 

A hollow fluted aluminum nitride susceptor stem 
is bonded to the back of the plate, also using PAD 
techniques. The seal between the stem and the back 15 
of the plate is hermetic, such that standards for leak- 
age under a vacuum between the hollow center of the 
stem and the outside are met. The stem extends out- 
side the processing chamber and passes through a 
seal in the wall of the processing chamber. The stem 20 
includes passages embedded in its walls and hermet- 
ically sealed to receive and pass the susceptor facili- 
ties, i.e. a ground conductor, heater element connec- 
tion conductors, a vacuum supply, a purge gas sup- 
ply, and a thermocouple access passage, from the 25 
end of the stem outside the processing chamber to 
corresponding facility receiving locations on the 
backside of the susceptor plate. An alumina heater 
support sleeve is installed around the fluted stem in- 
side the processing chamber to somewhat protect the 30 
stem from the effects of full exposure to the process 
environment in the processing chamber and to mini- 
mize heat losses from the top of the stem due to ra- 
diation heat transfer. 

The following is a description of some specific 35 
embodiments of the invention reference being made 
to the accompanying drawings, in which: 

Figure 1 is a perspective view of a susceptor as- 
sembly according to the invention; 
Figure 2 is sectional side view of the susceptor 40 
assembly of Figure 1 ; 

Figure 3 is a partial cutaway perspective view of 
a susceptor wafer support plate according to the 
invention; 

Figure 4 is a plan view of a resistive heater ele- 45 
ment as partially shown in Figure 3; 
Figure 5 is a side view of the heater element of 
Figure 4; 

Figure 6 shows a susceptor assembly of Figure 1 
in context in a CVD processing chamber; 50 
Figure 7 is a perspective assemoiy view 01 an- 
other embodiment of a susceptor assembly ac- 
cording to the invention; 

Figure 8 is a side view of the susceptor assembly 

of Figure 7; 55 

Figure 9 is a top view of the susceptor assembly 

of Figure 7 as viewed from 9-9; 

Figure 10 is a bottom view of the susceptor as- 



sembly of Figure 8 as viewed from 10-10; 
Figure 1 1 is a cross sectional view of Figure 8 tak- 
en at 11-11; 

Figure 1 2 is a cross sectional view of Figure 9 tak- 
en at 12-12; 

Figure 1 3 is an exploded view of the susceptor as- 
sembly of Figure 7, without the purge ring and 
stem sleeve; 

Figure 14 is a perspective view of the top layer of 
the susceptor assembly of Figure 13; 
Figure 15 is an exaggerated cross sectional view 
of Figure 14 taken at 15-15; 
Figure 1 6 is a cross sectional view of Figure 9 tak- 
en at 16-16; 

Figure 1 7 is a cross sectional view of Figure 9 tak- 
en at 17-17; 

Figure 1 8 is a cross sectional view of Figure 9 tak- 
en at 18-18; 

Figure 19 is a cross sectional close up view of Fig- 
ure 17 taken at 19-19; 

Figure 20 is a cross sectional close up view of Fig- 
ure 17 taken at 20-20; 

Figure 21 is a cross sectional close up view of Fig- 
ure 22 taken at 21-21; 

Figure 22 is a cross sectional close up view of Fig- 
ure 16 taken generally at 22-22; and 
Figure 23 is a shows a susceptor assembly of Fig- 
ure 7 in context in a CVD processing chamber. 
An embodiment of a susceptor assembly accord- 
ing to the invention is shown in Figures 1 to 5. 

As shown in Figures 1 and 2, the susceptor as- 
sembly of the embodiment is composed of a suscep- 
tor block (wafer support plate) 39 and a support stand 
(cylindrical member) 25 with a bottom plate 29. A gas 
feeding tube 53 is connected to the bottom plate 29 
of cylindrical member 25. Wiring leads 89,91 for a 
heater 43, wiring leads 93 for a thermocouple 45, and 
a lead 87 to a high-frequency metallic electrode 41 
are routed to pass through the bottom plate 29 of cyl- 
indrical member 25. The gas feeding tube 53 is con- 
nected to a mass flow controller 55 through a flexible 
tube 97. The mass flow controller 55 is connected to 
a gas cylinder 57 through a gas pipe 59. 

Aluminum nitride, used for the susceptor support 
plate 39, is a source material which is conventionally 
known as a ceramic material with good heat conduc- 
tivity. It was found that aluminum nitride also has su- 
perior resistance to corrosion from a fluorine plasma. 
In manufacturing aluminum nitride, it is necessary to 
mix yttrium or erbium as a removing agent (which en- 
nances aensitication). however, there is a possibility 
that the addition of yttrium, etc., may have some kind 
of effect on the wafers being processed. Therefore, 
source mixtures for aluminum nitride having high pur- 
ities and a minimum of impurities such as yttrium, etc. 
are preferred. 

Since aluminum nitride, which has the same de- 
gree of heat conductivity as aluminum, is used as the 
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susceptor wafer support plate 39, the susceptor wafer 
support plate surface can achieve the same temper- 
ature uniformity as if it were made of aluminum. 

As shown in Figure 2, the cylindrical member 25 
(preferably made of alumina, or other ceramic mate- 5 
rials) has a hollow cylindrical shape. The heater leads 
89, 91, the thermocouple lead 93, and the RF elec- 
trode lead 87 which originate from the susceptor wa- 
fer support plate 39 pass through the inside of the cy- 
linder and through the bottom plate 29. 10 

The susceptor wafer support plate 39 is mounted 
on the top surface of the cylindrical member 25 and 
is fixed to it with screws (not shown). The susceptor 
hub 83 of the susceptor plate 39 is positioned within 
the cylindrical member 25. According to the invention, is 
the susceptor wafer support plate 39 is made of a sol- 
id member of aluminum nitride. 

The flat plate 29 is mounted to the bottom surface 
of the cylindrical member 25 with screws (not shown). 
Holes to pass the thermocouple lead 93, the heater 20 
leads 89, 91. the RF electrode lead 87, and the gas 
feeding tube 53 through the bottom plate 29 and into 
the cylindrical member 25 are made at prescribed 
positions in the plate 29. The gas feeding tube 53 has 
a flexible tubing middle section 97 and is connected 25 
to the mass flow controller 55 as noted above and 
feeds inert gas (e.g. argon, etc.) from the mass flow 
controller 55 into the cylindrical member 25. 

By continuously feeding inert gas into the cylindri- 
cal member 25, a pressure differential with the exter- 30 
nal gas atmosphere is created which prevents exter- 
nal gas from leaking into the cylindrical member 25. 
For example, when the gas atmosphere surrounding 
the cylindrical member 25 is corrosive such as provid- 
ed by fluorine gas, etc. wiring leads from the back of 35 
the susceptor wafer support plate 39 would normally 
be subject to severe corrosion. However when using 
a configuration according to the invention, inert gas 
inside the cylindrical member 25 displaces any corro- 
sive gas from inside the cylindrical member 25 and 40 
prevents the corrosive gas from reaching the leads, 
thereby preventing corrosion of the leads. This inert 
gas feed is provided because in this configuration it 
is difficult to perfectly adhere the alumina cylindrical 
member 25 to the bottom of the aluminum nitride sus- 45 
ceptor wafer support plate 39 to maintain a perfect 
gas tight seal. 

As shown in Figure 3, the high-frequency metallic 
electrode plate (RF metallic electrode plate or elec- 
trode) 41, the heater43, and the thermocouple 45 are 50 

~ — U~~J*J~,J :„ *u_ . ... 

winfvMuvu in li 1 a ouovio^ikui rvai 01 auppui I yjld Lt> OS, 

which is constructed of a solid body of aluminum nitr- 
ide. 

The outer circumference of the susceptor wafer 
support plate 39 gradually expands, like the surface 55 
of a cone, from the top surface to the bottom surface. 
Its bottom surface includes a cylinder shaped hub 83 
extending from the center of the bottom of the sus- 
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ceptor wafer support plate 39. 

There are four through-holes (lift pin hole) 47 in 
the susceptor wafer support plate 39. Lift pins (not 
shown) are inserted into the lift pin holes 47 to raise 
the wafer from the susceptor wafer support plate 39 
to transfer the wafer to and from the plate's surface 
easy. 

The RF metallic electrode plate 41 is embedded 
near the top surface of susceptor wafer support plate 
39. This RF metallic electrode plate 41 is a disk- 
shaped metallic plate perforated with holes to form a 
mesh. The RF metallic electrode plate 41 is connect- 
ed to the RF electrode lead 87. A high-frequency cur- 
rent is fed to the RF metallic electrode plate 41 from 
an outside power source through the RF electrode 
lead 87. 

The heater 43 is embedded near the back (bot- 
tom) surface of susceptor wafer support plate 39. 
Namely, the heater 43 is provided below the RF met- 
allicelectrodeplate41. A rectangular rod (heating ele- 
ment) is configured to snake back and forth in the pat- 
tern shown in Figures 4 and 5, is used. The heater rod 
43 can also be configured in other shapes such as a 
spiral. Electrical current is fed to each end of the rec- 
tangular rod constituting the heater element 43 via 
heater leads 89,91. 

The thermocouple 45 is provided in the hub 83 of 
the susceptor wafer support plate 39. This thermo- 
couple 45 is fixed to the hub 83 through a metallic 
member (threaded hollow cylindrical metallic member 
- threaded thermocouple bushing) 49. To secure the 
thermocouple bushing 49, a hole is tapped at a pre- 
determined location in the back of the ceramic hub 85. 
Then, the bushing 49 is screwed into this tapped hole. 
The bushing 49 has a hollow cavity with threads to re- 
ceive the threaded thermocouple 45. The bushing 49 
is made of nickel which has superior fluorine resis- 
tance and superior heat conductivity. The reason for 
interposing a metallic member 49 and not inserting 
the thermocouple 45 directly into the susceptor wafer 
support plate 39 is that the ceramic material of the 
susceptor wafer support plate 39 is fragile and the 
risk of breakage increases with each successive ther- 
mocouple removal and replacement cycle. The ther- 
mocouple wiring lead 93 connects the thermocouple 
45 to an external information processor controller 
such as a computer (not shown). 

A CVD device which uses the susceptor assem- 
bly described above is shown in Figure 6. An exhaust 
port 67 is provided on the side surface of a processing 
chamber 3 i of the C Vu aevice. a nole yy wit n a larger 
diameter than that of cylindrical member 25 is provid- 
ed at the bottom surface of the processing chamber 
31. The susceptor assembly as described above is 
provided through the hole 99 and into the processing 
chamber 31. 

A first bellows holding part (flange) 95 with an L- 
shaped cross section is provided on the outer circum- 
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ferential surface of cylindrical member 25 above the 
center part of the member 25. A second bellows hold- 
ing part (flange) 69 is provided on the inside of the 
processing chamber 31 at the periphery of the hole 
99. A bellows 37 is held between the first and second 
bellows holding flanges 95,69. 

An elevator 61 is connected to the bottom plate 
29 and moves the bottom plate 29 vertically to adjust 
the distance between susceptor wafer support plate 
39 and a gas spray nozzle assembly (process gas 
supply assembly) 33. 

The gas spray nozzle assembly 33 is provided on 
ceiling (top) surface 65 of the processing chamber 31 . 
The gas spray nozzle assembly 33 is configured so 
that a spray port (gas distribution plate) 71 and the up- 
per surface of the susceptor wafer support plate 39 
face each other. The gas spray nozzle assembly 33 
also acts as an RF electrode, the second electrode of 
a pair, the first electrode being the RF metallic elec- 
trode plate 41 provided in the susceptor assembly. 
The gas spray nozzle assembly 33 and the RF met- 
allic electrode plate 41 are connected to a high- 
frequency power source 75 through the RF electrode 
lead 87 and switch 73. The susceptor thermocouple 
45 is connected and provides output signals to a con- 
troller 77 via the thermocouple lead 93. The heater 43 
is connected to a power source 79 through the heater 
leads 69, 91 and a switch 81. 

The controller 77 controls the heater 43 by cy- 
cling the switch 81 ON and OFF based on the infor- 
mation from the thermocouple 45, and also controls 
energization of the RF electrodes by controlling the 
ON or OFF status of the switch 73. 

An Si0 2 film can be formed on a semiconductor 
substrate using this device as follows. First, the 
switch 81 is turned ON and electrical current is fed 
from power source 79 to heater 43. The temperature 
of susceptor wafer support plate 39 is heated to over 
700 °C with heater 43. Next, a semiconductor sub- 
strate 35 is placed on the susceptor wafer support 
plate 39. TEOS, which is the source material gas of 
Si0 2 , and an oxidizer are provided to the gas spray 
nozzle assembly 33 and are sprayed onto the semi- 
conductorsubstrate 35. The semiconductor substrate 
35 is heated for a prescribed time while feeding the 
source material gas. In this way, an Si02 film is 
formed on semiconductor substrate 35. 

During the process of depositing Si0 2 film on the 
substrate 35, an Si0 2 film is also deposited on the 
walls of the processing chamber 31 . The processing 
uliainuoi 31 muoi Lie uiodciwu iu lemuvo iiiis excass 
Si0 2 . Cleaning is accomplished as follows. Fluorine 
gas is provided to the gas spray nozzle assembly 33 
and switch 73 is turned ON providing voltage to the 
gas spray nozzle assembly 33 and the RF metallic 
electrode plate 41. The gas flow and electrode energ- 
ization causes the fluorine gas to form a plasma in- 
side the processing chamber 31. The fluorine gas 



plasma etches the Si0 2 away to dean the inside of the 
processing chamber 31 . 

Because aluminum nitride with superior fluorine 
plasma resistance is used as the material for the sus- 

5 ceptor wafer support plate 39, there is hardly any gen- 
eration of dust or corrosion of susceptor wafer sup- 
port plate 39. Even if one plate is used for a long time 
there is no abrasion of the surface; so a covering with 
a protective film is not necessary. Absence of a pro- 

10 tective film eliminates the film peeling problem ob- 
served in conventional susceptors. 

Furthermore, since the RF metallic electrode 
plate 41 is embedded in the susceptor wafer support 
plate 39, the fluorine plasma cannot influence it. Con- 

15 sequently, there is no problem of corrosion of the met- 
al electrode due to the fluorine plasma. Further, inert 
gas is constantly fed to the cylindrical member 25, as 
described above, and prevents the wiring leads within 
the cylindrical member 25 from being corroded by flu- 

20 orine gas, etc. 

The CVD device as described for this embodi- 
ment can also form metal films such as tungsten, etc., 
and is not limited to Si0 2 film. This CVD device can 
also be used in plasma CVD (PECVD) processing. 

25 The RF metallic electrode plate 41 and gas spray noz- 
zle 31 act as electrodes to form the plasma for plasma 
CVD. 

In contrast to low temperature applications 0- 
100" C where aluminum nitride coatings have a com- 

30 patible coefficient of expansion with alumina and with 
silicon carbide, when subjected to high process tem- 
perature 650° - 750" C the use of aluminum nitride 
coatings with alumina are unacceptable, and with sil- 
icon carbide only marginally acceptable. 

35 Another embodiment according to the invention 

is shown in Figures 7 through 23. This embodiment 
provides a susceptor assembly constructed of sever- 
al generally flat layered members of aluminum nitride 
material bonded together and to an aluminum nitride 

40 stem using ceramic pressure assisted densification 
(PAD) techniques. A ground electrode and a heater 
element are sandwiched between the flat layered 
members of aluminum nitride. Vacuum passages to a 
vacuum chuck on the surface of the susceptor, purge 

45 gas passages to the perimeter of the susceptor, and 
a thermocouple access hole are provided in and be- 
tween the layers of aluminum nitride. The susceptor 
facilities (ground connection, heater first lead, heater 
second lead, vacuum connection, purge gas connec- 

50 tion, and thermocouple access) are all provided to the 
susceptor wafer support piate througn separate 
closed passages in the wall of a hollow fluted suscep- 
tor stem. The susceptor stem extends through the 
wall of a processing chamber so that none of the cor- 

55 rodable items of the susceptor facilities are exposed 
to corrosive process gasses. 

Figure 7 shows an overview of this embodiment. 
A wafer support plate assembly 1 00 has an upper sur- 
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face 102 including a vacuum chuck groove pattern 
104 and four wafer lift pins holes 106,107,108,109. 

The upper surface 102 is surrounded by a purge 
ring 112 supported on, but not bonded to the wafer 
support plate assembly 100. The purge ring 112 has 
six sites 114 for receiving six wafer guide pins 116 
(only one of which is shown enlarged). 

A hollow fluted susceptor stem 120 supports and 
is bonded to the plate assembly 1 00. The stem 120 in- 
cludes six flutes 122 on its outside surface creating 
a series of ridges, e.g., 124,129, between the flutes. 
An O-ring groove 132 near the bottom of the stem 120 
accommodates an O-ring for making a seal through 
the wall of a processing chamber. Atapered stem sec- 
tion 133 is shaped to support the susceptor against a 
complementarily shaped external support. Threads 
1 34 on the bottom of the stem 1 20 secure the stem 
tapered section 133 to the external support and also 
hold a facilities connector body 136 to the bottom of 
the stem once the susceptor is in place in a process- 
ing chamber. Facilities wiring and tubing 138 are con- 
nected to and through the facilities connector body 
136. An alumina heater support tube 140 slips over 
the outside of the bottom end of the stem 120. The 
tube 140 protects the stem somewhat from the ef- 
fects of full exposure to the process environment in 
the processing chamber and helps to minimize heat 
losses from the top of the stem due to radiation heat 
transfer. 

Pins 142,147 fixed in the susceptor stem 120 for 
connection to a ground terminal and to one end of the 
heater element, respectively, can be seen extending 
from the end of the stem 120. 

Figure 13 shows the elements which are ulti- 
mately bonded together to form a one piece aluminum 
nitride wafer support plate assembly 1 00. 

The wafer support plate assembly 1 00 consists of 
several generally flat disks of generally solid alumi- 
num nitride and the stem 120, which are bonded to- 
gether using pressure assisted densification (PAD) 
techniques. The applicants are unaware of the details 
of the bonding parameters and rely on the experience 
and expertise of their fabricator Cercom, Inc., 1960 
Watson Way, Vista, CA 92083 U.S A Cercom proc- 
esses the pieces to adhere one to the other in manner 
so that the bonding meets the inventors' perfor- 
mance criteria goal of satisfying a vacuum leak test 
with helium of equal to or better than 1 x 10 7 torr- 
liter/sec. 

The wafer facing disk (or first, or top layer) 160 in- 
cludes o vaOuui 1 1 Oiiui-k yiiAjvo pmitMII 1 UH anu ml 

pin holes 106,107,108,109. The top layer 160 is ap- 
proximately 0.25" (6.3 mm) thick. 

Below the top layer 160, a ground loop (elec- 
trode) 170 (including a straight surface lead to the cir- 
cular loop) consists of a layer of tungsten approxi- 
mately 0.0005" (0.013 mm) thick adhered (for exam- 
ple by vapor deposition) to either the underside of the 



top layer 160 or to the top side of the second layer 
1 80. The electrode 170 is electrically connected (pre- 
ferably by electron beam welding) to the ground pin 
142 extending from the bottom of the stem 122 to act 
5 as a ground. 

The second (or purge gas groove) layer 180 in- 
cludes a diametric purge gas groove 182 in its lower 
surface (shown in dashed lines in Fig 13) to pass 
purge gas from a purge gas passage 144 (to be de- 
10 scribed later) in the stem 120 to a perimeter purge dis- 
tribution channel 150 (Figs. 16 and 20). Through 
holes are provided in this second layer 180 to supply 
facilities to the top layer 160 , i.e., ground pin pas- 
sage, thermocouple passage, vacuum chuck supply 
15 passages 156, and lift pin holes 106. The 2nd layer 
180 is approximately 0.296" (7.52 mm) thick. 

A third (or heater coil pattern) layer 190 is provid- 
ed below the 2nd layer to dose the purge gas groove 
182 in the bottom of the 2nd layer. A heater coil ar- 
20 rangement 200 adheres to its bottom surface. 
Through holes are provided in this third layer to supply 
facilities to the top layer 160 and 2nd layer 1 80, i.e., 
ground pin passage, thermocouple passage, purge 
gas passage, vacuum chuck supply passages 155, 
25 and lift pin holes 106. The third layer 190 is approxi- 
mately 0.145" (3.68 mm) thick. 

The heater coil arrangement 200 consists of a 
layer of tungsten approximately 0.0005" (0.013 mm) 
thick adhered (for example by vapordeposition) to the 
30 underside of the third layer 190. The heater coil ele- 
ment is arranged in a sinusoidal-type serpentine pat- 
tern 202 along three serially connected concentric cir- 
cles. The normal undulating pattern deviates only to 
avoid vacuum passage 155a and lift pin holes 106 
35 passing through the pattern. A guard perimeter hea- 
ter ring loop 204 serially connects to one end of the 
serpentine pattern 202 and surrounds its perimeter. 
The resistive guard perimeter loop 204 increases the 
energy input to the susceptor at its perimeter to com- 
40 pensate for the normally larger thermal losses at the 
perimeter. The geometric configuration of the serpen- 
tine pattern 202 and the ring loop 204 generally com- 
pensates for lower temperatures because of larger 
heat losses at the perimeter and therefore allows for 
45 use of a single zone heater control. The whole heater 
element - serpentine portion 202 and guard heater 
ring 204- has an installed resistance of approximately 
7.14 ohms at 20 °C. The heater element is electrically 
connected (preferably by electron beam welding) to 
50 the heater electrode pins 145, 147 extending up from 
ihe boiiom of ihe siem i 20. 

The bottom of the heater element 200 is covered 
with a paper thin, 0.031" (0.79 mm) layer 207 of alu- 
minum nitride. This layer 207 during bonding acts as 
55 sort of a filler material to cover the heater element 200 
and separate it from the next layer below. Through 
holes allow facilities to pass through this layer to the 
upper layers. 
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A vacuum distribution (or fourth) layer 209, con- 
sisting of two separate pieces, a disk-shaped fourth 
layer inner piece 210 and an annular fourth layerouter 
piece 220, is provided below the third layer and the 
paper thin layer 207. The fourth layer inner piece 210 
includes a radial groove 149 which extends the va- 
cuum passage 146 from the stem 120 to the circular 
perimeter of the fourth layer inner piece 210. The 
fourth layerouter piece 220 has a circular inner diam- 
eter greater than the outside diameter of the inner 
piece 210 such that when the two are generally con- 
centrically located they form an annular passage 151 
between them to distribute vacuum around the sus- 
ceptor to holes, e.g. 155, connecting to the susceptor 
surface vacuum chuck groove pattern 104. The 
fourth layer outer piece 220 includes a perimeter 
flange 222 as shown in Figs. 16 and 20 which forms 
the outer wall of the a perimeter channel 150 around 
the second (180) and third (1 90) layers to assist in dis- 
tributing the purge gas. Through holes are provided 
in these fourth layer pieces 210, 220 to supply facili- 
ties to the upper layers, i.e., ground pin passage, ther- 
mocouple passage, purge gas passage, heater ele- 
ment pin passages, and lift pin holes 106. The fourth 
layer 209 inside the outer flange 222 is approximately 
0.125" (3.18 mm) thick. The outer flange 22 rises ap- 
proximately 0.597" (15.16 mm) above the lower sur- 
face of the layer (approximately level with the top of 
the second layer 180) and has a thickness of 
0.195" (4.95 mm). 

The bottom fifth layer 230 bonds to the bottom of 
the fourth layer 209 to close the annular vacuum pas- 
sage between the inner 210 and outer 220 pieces of 
the fourth layer 209. The bottom of this fifth layer is 
bonded to the top of the susceptor stem 120. All fa- 
cilities pass through respective through holes to up- 
per layers. The 5th fifth layer 230 is approximately 
0.123" (3.12 mm) thick. 

The first through fifth layers above 
(160,170,180,190,200,209, 230) when bonded to- 
gether constitute the wafer support plate assembly 
100. The wafer support plate assembly 100 together 
with the susceptor stem 120 and purge ring 112 con- 
stitutes this embodiment of a susceptor assembly ac- 
cording to the invention. Details and orientations of 
the various pieces can be understood from the de- 
tailed description of the figures which follows. 

Figure 8 shows a side view of the susceptor of 
Figure 7 with the purge ring 112 removed and the hea- 
ter support tube 140 shown in cross section. In this 

VIAW the* IaHha nrtnmalfu r\t~r*, ,r\IaH ki* »k n r>.. rnn 
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112 can be seen at the perimeter of the top of the as- 
sembly 100. 

Figure 9 shows a top view of Figure 8 as viewed 
from 9-9. The perimeter purge gas distribution chan- 
nel 150 is located just inside the outer flange 222. An 
alignment indentation 226 to orient the purge ring 112 
is provided to mate with a purge alignment key 115 



(Fig. 12) on the ring 112. A vacuum chuck groove pat- 
tern 104 connected to the vacuum passage facility 
through the top layer 160 is provided in the center of 
the top surface. Details of the vacuum chuck groove 
5 pattern can be seen in Figure 14. Figure 15 provides 
a cross section of the top layer 1 60 with a greatly ex- 
aggerated vertical dimension. The vacuum chuck 
pattern 104 includes a series of concentric channels 
171 interconnected by somewhat shallower cross 
10 channel grooves at the perimeter 176 and near the 
center 1 73. One circumferential groove 1 74 connects 
the central radial grooves 173 with the outer radial 
grooves 1 76. The cross channel grooves 1 76 connect 
to a series of eight vacuum supply passages 164 
15 equally spaced around the center. Each vacuum sup- 
ply passage 164 connects to two narrower plasma 
choking vacuum outlet holes 162. These holes 162 
are sized to prevent the plasma of a cleaning gas, e.g. 
fluorine, etc. from reaching far into the vacuum pas- 
20 sages. 

Figure 1 0 shows an end view of the bottom of the 
susceptor stem 120. The ground connector pin 142, 
an alignment reference hole 143, the purge gas pas- 
sage 144, the(1st) heater element connector pin 145, 
25 the vacuum passage 146, the (2nd) heater element 
connector pin 147, and a thermocouple passage hole 
148 are provided counter clockwise around the wall of 
the hollow cylindrical susceptor stem 120. 

Figure 11 shows a cross section of the stem 120 
30 taken at 11-11 in Fig. 8. The facilities connections 
142,144.145,146,147, 148 are as previously descri- 
bed, are embedded in the wall of the stem and are 
sealed from one another. The flutes 122 wtiich extend 
all the way up the stem 120 to the bottom layer 230 
35 of the susceptor plate assembly 1 00, reduce the cross 
sectional area of the stem while maintaining a rela- 
tively high structural rigidity. The reduction in area re- 
duces the cross section through which thermal ener- 
gy can be conducted away from the wafer support 
40 plate assembly 100 thereby reducing the thermal en- 
ergy lost due to conduction down the stem 120. The 
hollow center 130 of the stem also helps reduce ther- 
mal losses as it is filled with air, which is a poor con- 
ductor of thermal energy. 
45 Figure 12 shows a cross section of Figure 9 taken 

at 12-12. The ground connecting pin 142 is a tungsten 
rod approximately 0.093" (2.36 mm) in diameter. The 
pin 142 has a pin head approximately 0.156" (3.96 
mm) in diameter to retain and fix the top end of the pin 
50 142 to its ground loop 170 in a shallow counter bore 
at u id iuy \A iiits oo^uuu ieiyoi 130. Tiie head of the pin 
142 is electrically connected to the ground loop 170 
by electron beam welding (as described above). The 
ground facility hole for the ground pin passing through 
55 the stem 120 and various layers of the wafer plate as- 
sembly 100 is approximately 0.125" (3.175 mm) in di- 
ameter which allows the ground pin to freely expand 
and contract during changes in temperature, but still 
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prevents the pin head from being pulled from the 
ground loop 170. The route of the vacuum passage 
through the stem and to the surface of the wafer sup- 
port assembly 100 is shown. The stem O-ring groove 
1 32 on the outside of the stem 1 20 defines the divid- 5 
ing line between susceptor assembly components 
above the O-ring groove 1 32 which are exposed to va- 
cuum and therefore must be hermetically tight to with- 
stand the helium leak testing as previously described, 
and those components which are exposed to atmos- 10 
phere and need not be leak tested, that is, those be- 
low the O-ring groove 1 32 and those inside the hollow 
center 130 of the stem 120. 

Figure 12 also shows a cross section of the purge 
ring 112. The purge ring 112, asshown, is in a position is 
elevated from its operating location. When it is in its 
operating position the purge ring alignment key 115 
mates with the wafer support assembly's 100 align- 
ment groove 226. 

Figure 16 shows a cross section of Figure 9 taken 20 
at 16-16. The second heater power pin 147 is shown 
connecting to the heater element layer 200. Its instal- 
lation and configuration are similar to that described 
above for the ground pin 142. The opening of the an- 
nular vacuum passage 146 can be seen above the 25 
bottom layer 230. The purge gas passage 144 is 
shown connecting to the purge gas groove 182 in the 
second layer 180. The purge gas groove 182 con- 
nects through an orifice 185 to a discharge passage 
184 (Figs. 21, 22) leading to the perimeter channel 30 
150 inside the circumferential flange 222. 

Figure 17 shows a cross section of Figure 9 taken 
at 17-1 7. The first heater power pin 145 is shown con- 
necting to the heater element layer 200. Its installa- 
tion and configuration are similar to that described 35 
above forthe ground pin 142. The thermocouple hole 
148 is shown passing from the stem 120 through all 
the layers except the top layer 160. Two thermocou- 
ples (not shown) are mounted inside the end of a tube 
abut to the back side of the top layer 160. One ther- 40 
mocouple is calibrated to provide a signal to a temper- 
ature controller (not shown). The other thermocouple 
is connected to an over temperature interlock sensor 
(not shown). The thermocouple tube is smaller than 
the thermocouple hole 148 and is spring mounted to 45 
the facilities connector body 1 36 to continuously urge 
the thermocouples against the back of the top layer 
160 and to allow for thermal expansion of the tube 
during operation. 

Figure 18 shows a cross section of Fig. 9 taken so 

at -1 O i Q T~. . r-,f * I : ~ I. » 1- 1 . . . 
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ing the vacuum passage 46 to the surface of the wafer 
support plate assembly 100 are shown. Lift pins holes 
106 and 108 can be seen. 

Figure 1 9 is a close up of thermocouple hole 148 55 
of Fig. 17. The layers of the wafer support plate as- 
sembly 10 as previously described can be seen. 

Figures 20 and 22 show close up views of cross 



sections of the perimeter of the plate assembly 100. 
The purge ring 112 is shown in place (although in Fig. 
22 a guide pin 116 (as shown in Fig. 7) is angularly 
disposed at only six locations around the perimeter of 
the ring 112 - those locations being at radii projected 
to the ring at arcs consecutively of 35, 55, and 55 de- 
grees from the purge ring alignment key around either 
side of the perimeter- the pin 116, therefore, is not ac- 
tually located above the purge gas passage 1 84). The 
bottom of the purge ring 112 covers the top of the 
purge distribution perimeter channel 150. The ring 
112 has groove 119 on its bottom side into which 240 
equally spaced orifice holes 117 (having a narrowing 
orifice near one end) are provided around the ring 112 
to direct the purge gas flow toward the edge of a wafer 
being processed (not shown) on the susceptor. The 
orifice holes 117 empty into a narrow angular circum- 
ferential groove 118 which further distributes the 
purge gas flow from the 240 orifice holes 117. The 
purge gas flow forms a continuous gas sheet flowing 
from the groove 118 thereby preventing the deposi- 
tion of process gas around the edge and on the back- 
side of a wafer. 

Figure 23 shows the susceptor assembly of this 
embodiment in position in a processing chamber244. 
The processing chamber 244 includes a gas distrib- 
ution plate 246 facing a susceptor wafer support sur- 
face 250. The susceptor assembly 260 is supported 
on its tapered stem section 133 which is moved up 
and down and secured to a susceptor lift mechanism 
256 by a locknut 135. The process chamber 244 is 
sealed around the susceptor assembly 260 at a stem 
seal 248. Susceptor facilities 138 are connected to 
the end of the stem. Four wafer lift pins 252 hang from 
the lift pin holes in the susceptor. When the susceptor 
descends the ends of the lift pin contact a lift finger 
support ring 254 causing the lift pins 252 to raise the 
waferfor transfer. The lift finger support ring 254 also 
moves up and down to transfer the wafer to and from 
a robot blade (not shown) which transfers wafers into 
and out of the processing chamber 244. 

This embodiment provides an internally heated 
susceptor with a relatively small stem (approx. 
2" (50.8 mm) O.D.) in a compact processing chamber. 

While the invention has been described with re- 
gards to specific embodiments, those skilled in the 
art will recognize that changes can be made in form 
and detail without departing from the spirit and scope 
of the invention. 



Claims 

1. A susceptor comprising: 

a susceptor wafer support plate composed 
of aluminum nitride having a heater element and 
an electrode embedded therein. 
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2. A susceptor as in Claim 1 , 

wherein said plate comprises at least one 
aluminum nitride member. 

3. A susceptor as in Claim 1 , 5 

wherein said susceptor includes a support 
member having a closed bottom in which at least 
the side wall is composed of a ceramic material, 
said support member supports said susceptor 
wafer support plate from its back surface. 10 

4. A susceptor as in Claim 3, further comprising: 

an inert gas feeding means for feeding in- 
ert gas into said support member at a higher pres- 
sure than the gas pressure surrounding said sup- 15 
port member, 

wherein wiring for the electrode and the 
heater element leads out from the back surface 
of said susceptor wafer support plate and is rout- 
ed to the outside by passing through said support 20 
member. 



stem and is configured so a thermocouple mount- 
ed on the end of a thermocouple insertion device 
can be positioned at the backside of said suscep- 
tor wafer support plate. 

9. A susceptor as in Claim 2, 

wherein said support plates comprise a 
plurality of aluminum nitride layered members, 
bonded together. 

10. A susceptor as in Claim 9, 

wherein said layered members include a 
plurality of axial through holes aligned between 
said layered members. 

11. A susceptor as in Claim 1, 

wherein said heater element includes a 
heater ring loop at its perimeter. 



5. A susceptor as in Claim 1, 

wherein said susceptor wafer support 
plate is fixed to a susceptor stem fixed to a back 25 
side of said plate, 

wherein said stem sealingly passes 
through a wall of a processing chamber to an out- 
side of said processing chamber, and 

wherein electrical leads to said heater ele- 30 
mentandan electrical lead to said electrode pass 
through said stem to said outside of a processing 
chamber without exposure to gasses of said proc- 
essing chamber. 

35 

6. A susceptor as in Claim 5, 

wherein said susceptor wafer support 
plate further includes passages to supply va- 
cuum to grooves of a vacuum chuck pattern on a 
top surface of the susceptor wafer support plate, 40 
wherein said passages connect to a vacuum pas- 
sage in said susceptor stem which extends to 
said outside of said processing chamber. 

7. A susceptor as in Claim 5, 45 

wherein said susceptor wafer support 
plate further includes passages to supply purge 
gas to a perimeter of a top surface of said wafer 
support plate, wherein said passages connect to 
a purge gas supply passage in said susceptor so 

essing chamber. 

8. A susceptor as in Claim 5, 

wherein said susceptor includes a thermo- 55 
couple receiving hole in a back side of said sus- 
ceptor wafer support plate which extends to said 
outside of said processing chamber through said 
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